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ABSTRACT 


Twice-daily values of the atmosphere's angular momentum about the 
polar, axis during the five years from 1976 through 1980 are presented in 
graphs and a table. Unlike many previous compilations of this quantity, 
Ours is based on a global data set, incorporating 90% of the mass of the 
atmosphere. The relationship between changes in the angular momentum 
of the atmosphere and changes in the length of day is described, as are 
the main sources of error in the data. The variability in angular 
momentum is revealed in a preliminary fashion by means of a spectral 
decomposition. 

The data presented in this report should stimulate comparisons with 
other measures of the length of day and so provide a basis for greater 
understanding of earth-atmosphere interactions. 
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1 . INTRODUCTION 


In his now classic paper on the general circulation of the atmosphere, 
Starr (1948) noted that "there is no reason to expect that the partition 
of angular momentum [between the earth and the atmosphere] should remain 
constant when seasonal and other short time-intervals are considered". 

Since then, numerous studies have been undertaken with increasingly better 
data to quantify more precisely the relationship between changes in earth 
rotation and atmospheric momentum. Many of these have been summarized by 
Miink ^d MacDonald (1960) and by Lambeck (1980) . The general conclusion 
appears to be that short term changes in the length of day (l.o.d.) are due 
mainly to atmospheric behavior (Lambeck and Cazenave, 1977) . Moreover, 
atmospheric motions seem to play some role in forcing l.o.d. changes even 
on time scales of up to several years (Lambeck and Hopgood, 1981) . 

A limiting factor in most of these studies has been the less than 
global coverage provided by the network of upper- air wind measuring 
stations. For the most part, these stations are located over land in the 
Northern Hemisphere and the Southern Hemisphere tropics. In addition, it 
has generally proven necessary to work with monthly mean values of these 
wind data, thereby precluding a study of higher frequency changes in 
atmospheric momentum. In recent years, however, a new type of meteorolo- 
gical data set has become available. Generated by the large meteorologi- 
cal agencies of different countries as part of their operational weather 
forecasting duties, this set typically contains twice-daily analyses of 
the wind field at grid points spaced regularly over the entire globe. 
Utilizing two different examples of these gridded analyses for the same 
four-month period. Hide et al . (1980) demonstrated their potential for 
dramatically increasing our ability to determine high frequency changes 
in the atmosphere's angular momentum. Given the steady improvement also 
seen in recent years in independent techniques to measure earth rotation, 
it appears that new advances in the study of earth-atmosphere interactions 
are likely. 

Because of growing interest in the earth rotation problem, it was 
decided to make some of the new atmospheric angular momentum data more 
generally available. In this report, therefore, we provide a listing of 
these data derived from the wind analyses made by the U.S. National 
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Meteorological Center (NMC) for the five-year period from 1 January 1976 
through 31 December 1980. In the next sections, we briefly describe the 
NMC analysis and the manner in which angular momentum values were derived 
from it, the relation between these values and changes in l.o.d., the 
type of errors that exist in our momentum values, and some preliminary 
results from a spectral decomposition of the angular momentum time series. 
Our discussion is kept deliberately short, since we anticipate publishing 
our results in more detail at a later date. The main reason for presenting 
this report now is to disseminate more rapidly a tabulation of the angular 
momentum data. 
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2. THE NMC GLOBAL ANALYSIS AND THE DERIVATION 
OF ATMOSPHERIC ANGULAR MOMENTUM VALUES 

In September 1974, NMC introduced its first operational global 
analysis scheme. Designed to provide information on the state of the 
atmosphere twice a day (for 0000 and 1200 UTC) as input to weather fore- 
casting models, this analysis is based on observations from a variety of 
sources. These include not only the traditional rawinsonde balloons 
launched at the upper-air stations of the World Weather Watch network, but 
also satellites and commercial aircraft. Among other variables, the 
analysis provides zonal (east-west) wind velocities over a grid with points 
spaced every 2.5® in both latitude and longitude, at each of 12 pressure 
levels in the vertical. A detailed description of a recent version of 
the NMC global analysis system is provided by McPherson et al . (1979). 

NMC has archived certain general circulation statistics derived from 
their grid point analyses beginning 1 January 1976 (Miller et al . , 1975). 
Included in this archive are zonally averaged values of the zonal wind, [u] . 
To derive the angular, momentum (M) of the atmosphere about the polar axis, 
relative to an earth-fixed frame, these [u] values have been integrated, 
with the appropriate weighting, over latitude (({i) and pressure (p) : 

2 10^ mb -p2 

M = j j [u] cos^<fr d(^ dp, (1) 

1000 mb tt/2 

where ^ is the mean radius of the earth (6.37 x 10^ m) and £ is the 

_2 

acceleration due to gravity (9.81 m s ). Equation (1) is based on the 

assumption that "the" atmosphere is in -hydrostatic equilibrium and ignores 

the variation with altitude and latitude of the distance of a parcel of 
air from the center of the earth. In addition, performing the integration 
over £_ only to the 100 mb level means we are systematically neglecting 
10% of the mass of the atmosphere. 

Occasional brief gaps exist in the NMC archive and no attempt has been 
made to fill these in. However, a gap of over four months duration, from 
1 April through 15 August 1977, also exists in the archive'. For this 
period, we obtained copies of the original grid point values from the NMC 
analysis (for 0000 UTC only) from the National Center for Atmospheric 
Research, and we used these to calculate both [u] and M. 
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Values of M available for the period from 1 January 1976 to 31 December 
1980 are tabulated in Appendix 1 and displayed in Figs. 1(a) -(e) for each 
calendar year individually and in Fig. 2 for the period as a whole. Also 
included in Figs. 1(a) -(e) are values of the angular momentum of the atmo- 
sphere over each hemisphere separately. The differences in the results 
for the Northern and Southern Hemispheres attest to the non-uniform 
behavior of the zonal winds over the globe and to the importance of acquir- 
ing global atmospheric data. 
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3, RELATIONSHIP BETWEEN M AND CHANGES IN l.o.d. 


For simplicity, we treat the (rigid) earth and atmosphere as a closed 
dynamical system and assume that a change AM in the angular momentum of 
the atmosphere is accompanied by an equal, but opposite, change in the 
angular momentum of the earth. (Thus, we neglect the effect of external 
torques, the role played by ocean currents, etc.) The consequent change 
in the angular velocity cu of the surface of the earth is given by: 



( 2 ) 


where I is the moment of inertia of that portion of the earth which responds 

to the change in M on the time scale being considered. Fluctuations on 

the order of one year or less are thought to affect only the earth’s crust 

and mantle (the shell), and since this is the time scale we are primarily 

37 2 

interested in here, we have set I = I i. , , = 7.04 x 10 kg m (Langley et al 

shell . 

1981; Jordan and Anderson, 1974). 

A change in the angular velocity of the earth’s surface is related to 
a change in the length of day by: 


Al .0 .d. Ao) Aco 

— = — - — — [ 3 ) 

l.o.d. a)+Ao) "^ 0 ) 

where l.o.d. = 86400 s and o) = 7.29xl0^s^. Combining equations (2) and 
(3), we find the following linear relation between Al.o.d. and AM: 

-= Al.o.d. AM 

ojI 

For periods on the order of a year or less, therefore, we have 

Al.o.d. = • AM = 1.68 X lO"^^ AM (4) 

“^shell 

2 -1 

where Al.o.d. is in units of seconds and AM is in kg m s 

As described earlier, we have plotted (against the left-hand scale) 
in Figs. 1(a) -(e) the actual values of M contained in Appendix 1. If we 
treat these M values as departures from a base state of zero atmospheric 
angular momentum, then we can equate them conveniently to changes in 
l.o.d. from this hypothetical base state by setting AM = M in (4), The 


\ 
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scale for this Al.o.d. is given along the right-hand side of each figure. 

It should be noted that this scale for Al.o.d. is not the one conventionally 

used, which instead is based on the departure of the length of day from 

that of the mean solar day during the nineteenth century. The two scales, 

therefore, involve their own arbitrary zeroes (Hide et al., 1980). Since 

we are interested only in changes in l.o.d. within our five-year period, 

however, this difference between the scales is not of concern here. A 

more important consideration, particularly when studying inter-annual 

changes in Al.o.d. such as those displayed in Fig. 2, is that on time 

scales of greater than about one year the earth's core is also likely to be 

involved, in which case it might be more proper to use the moment of inertia 

37 2 

of the entire earth (1^ = 8.04 x 10 kg m ) in (4). We have not done so 
here, however. 
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4, ERRORS 


Although it is rather straightforward to delineate the sources of 
errors in our M values, it is quite another matter to estimate their 
magnitude. Nevertheless, it is important to do so and we make such an 
attempt here. Our estimates should be treated with caution, however. 

We may divide the types of errors expected in our data into two 
groups; one is related to the method used to compute angular momentum and 
the other is related to the inaccuracies in the NMC wind data. With 
regard to errors of the first type, the most serious is undoubtedly the 
neglect of the upper atmosphere at pressures less than 100 mb. NMC wind 
analyses for the 70 and 50 mb levels are available, but their accuracy 
has been questioned and they were not used here. We have examined some 
calculations of M made with and without data from these two upper levels, 
and on this basis we conclude that neglecting the upper 10% of the atmo- 
sphere incurs a systematic underestimate in the mean level of Nf of about 
10% or less, but it has a much smaller impact on day-to-day changes in M. 
(On the other hand, longer period variations in M such as a quasi-biennial 
cycle, if one exists, may be more seriously affected by the lack of data 
from much of the stratosphere and above.) 

A systematic bias also results from the fact that the lowest level 
in the NMC analysis is fixed at a constant pressure of 1000 mb, regardless 
of whether this level lies below or above the earth’s surface at a parti- 
cular grid point. In the first instance, the NMC analysis, which treats 
the surface of the earth as though it were smooth, places non- zero winds 
beneath the topography. These spurious winds have been included in our 
[u] data, but a test in which we removed them from a short period of data 
revealed that their presence affects M by only about 1%. In the case 
when the 1000 mb level lies above the earth’s surface, our approach 
neglects the contribution to M made by the mass of the atmosphere lying 
between it and the surface. Since, however, the average sea- level pressure 
over the globe is around 1013 mb, this error is a small one. 

The second type of errors in our values of M results from inaccuracies 
in the basic NMC grid point wind analyses themselves. Some aspects of 
these errors are presented by McPherson et al . (1979) for the version of 
the NMC global analysis that was introduced in September 1978, but it is 
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difficult to estimate on the basis of their discussion what the magnitude 
of the resulting error in M is likely to be. For the present, therefore, 
we are left to infer this on the basis of two other studies reported in 
the literature. In the first, Oort (1978;) examined the adequacy of the 
rawinsonde network for determining atmospheric circulation statistics and 
found that the most significant error in M (on the order of 5%) was caused 
by the presence of spatial gaps in this network. Oort's study was not 
based on the NMC analysis, however, and did not, therefore, account for 
the effect that satellite or aircraft observations might have (contrary, 
to first impressions, the impact of satellite data need not always be 
beneficial; see Tracton et al., 1981). The second study is the one by 
Hide et al . (1980) mentioned earlier, in which the authors compared the 
results of calculating M for a four-month period with the NMC and British 
Meteorological Office analyses. Differences as large as 10% did occasion- 
ally occur, but much of this appeared to be systematic in nature. 

Occasional procedural changes at NMC during the five-year period 
introduce an unknown degree of heterogeneity to our data. Major changes 
occurred in September 1978 and May 1980 when new modes of analysis were 
introduced (again see McPherson et al., 1979; also Kistler and Parrish, 
1980), but other important modifications have also been made but not 
always well documented. In addition, there have been continuing changes 
in the satellite observing systems used in the NMC analysis scheme. For 
the most part, though, we anticipate that these sorts of changes might 
cause systematic changes in M but not affect its day-to-day variations 
significantly. 

To summarize, we believe that there is a systematic underestimate in 
the mean value of M presented in Appendix 1 of about 10%. Random errors 
in M that would affect estimates of day-to-day changes in l.o.d., however, 
are probably less than 10%. 
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5. PRELIMINARY RESULTS OF A SPECTRAL ANALYSIS OF M 


It is quite apparent from Figs. 1 and 2 that M varies on a variety 
of time scales. To provide some further insight into this behavior, we 
have decomposed the time series of M values into its spectral components. 
Our results should be considered preliminary in nature, but we feel they 
are interesting enough to be included here. 

Our approach follows that outlined by Welch (1967), in that we first 
organized our data into eight overlapping blocks spanning most of the 
five years. Each block consists of 128 consecutive three-day averages of 
M multiplied by an appropriate weighting function (described by Welch). 

We used only once-daily values of M (at 00 UTC) for this part of our 

study. A fast Fourier transform method was then applied to determine the 

! 

power spectriim in each block. Finally, the resulting eight spectra were 
averaged to produce the result given in Fig. 3. i , 

Spectra of atmospheric momentum fluctuations with periods of two 
months and longer have been presented by Lambeck and Hopgood (1981) 
based on monthly mean values of M. Our data, of course, can reveal higher 
frequency components, and indeed the spectrum in Fig. 3 covers oscilla- 

t 

tions with periods ranging from 6 to 128 days. We have superimposed on 
the figure an estimate of the 95% level of significance based on a power - 
law best-fit to the spectrum. Several peaks in the spectrum do approach - 
or exceed this level of statistical significance, but this alone does not,- 
of course, assure their physical significance. We have studied one of 
these peaks, the rather broad one at about 50 days, in some detail, however 
Its origins do appear to be physically based,’ and its” presence is" con- 
firmed by independent measures of Al.o.d. (see Langley et al . , 1981, for 
a further discussion of this oscillation) . 


6. FINAL REMARKS 


Our purpose has been to provide the geophysics conununity with an 
estimate of day-to-day fluctuations in the length of day based on measure- 
ments of the atmosphere's angular momentum. Because of certain of our 
assumptions, we still view our analysis of the atmospheric forcing func- 
tion as being somewhat preliminary. Initial comparisons between our M 
data and other, independent measiures of Al.o.d. show good agreement, 
particularly on the shorter time scales . As yet unexplained differences 
do exist on all time scales, however, and we hope that release of the M 
data now will stimulate more comprehensive studies of their relationship 
to Al.o.d. Although we expect that most investigators will be able to 
utilize the data listed in Appendix 1 directly, we can make available (at 
cost) a magnetic tape containing these values to those who request it. 

We hope to be able to update the time series of angular momentum 
values at regular intervals. We understand, too, that consideration is 
being given to the calculation of M on a routine basis by the European 
Center for Medium Range Weather Forecasting. The availability of more 
than one set of atmospheric values will, of course, allow much better 
estimates of their probable errors to be made. 

From the standpoint of meteorological research, determining the 
fluctuations in an integrated statistic like M and confirming their 
accuracy represent but first steps in understanding the reasons for the 
atmosphere's variable behavior. Our plans for the future, therefore, 
include a more detailed study of the [u] data to identify those regions 
in the atmosphere that are most responsible for the changes in M dis- 
played here. 
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Legends for Figures 


Fig. 1 


Fig- 2 


Fig. 3 


Values of the angular momentum (M) of the atmosphere above 
the globe, the Northern Hemisphere (NH) , and the Southern 
Hemisphere (SH) during calendar years (a) 1976; (b) 1977; 

(c) 1978; (d)* 1979; and C®) 1980. The scale for M is given 
along the left-hand ordinate of the figure. Inferred values 
of Al.o.d., derived from M through equation (4), are to be 
read off the scale along the right-hand ordinate. Numbers 
along the abscissa refer to days from 1 January 1976. For 
convenience, calendar months are also listed along the time 
scale. 

Values of the angular momentum of the atmosphere above the 
globe, as in Fig. 1 but for the entire five-year period from 
1 January 1976 to 31 December 1980. (Note also that the 
ordinate scale has been expanded from that in Fig. 1.) 

Power spectriim of the angular momentum of the atmosphere 

above the globe during the years 1976-1980 (solid curve). The 

ordinate is a logarithmic scale and is in units of 
2 -12 

(kg ms)* day. The abscissa is linear with respect to 
frequency. The dashed curve is an estimate of the 95% 
confidence level. 
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APPENDIX 1 


LISTING OF ATMOSPHERIC MOMENTUM VALUES 


The following pages contain values of M as defined by equation (1) 
for twice each day from 1 January 1976 through 31 December 1980, All days 
in this period are listed and numbered . sequentially from 1 to 1827, Miss- 
ing values of M are indicated by dashes. 

Written at the top of each page is the year to which all the entries 
'on that page refer, A typical entry from the first page is the following: 

54, 2 23 0 1,3097 

12 1,284 8 

the 54th day in the five-year sequence 
February 23 

0000 and 1200 UTC, respectively 

the values of M at 0000 and 1200 UTC, respectively , 
26 2 -1 

in units of 10 kg m s (note that although . 
five significant figures are given, this is not 
intended as a measure of the accuracy of the M 
values; for a discussion of accuracy, see Section 4) 


where "54," = 

"2 23" = 

" 0 ", 

12 ^ ' 
"1.3097", 
1.2848 ^ " 



1976 


1. 

1 

1 0 

1.3182 

28. 

1 

28 0 

1.4760 

55. 

2 

24 0 

1.3027 



12 

1.2973 



12 

1.5051 



12 

1.2680 

2. 

1 

2 0 

1.2421 

29. 

1 

29 0 

1 .5115 

56. 

2 

25 0 

1.3391 



12 

1.2610 



12 

1.4697 



12 

1.3285 

3. 

1 

3 0 


30, 

1 

30 0 

1.5203 

57. 

2 

26 0 

1.3508 



12 




12 

1,4798 



12 

1.3631 

a. 

1 

4 0 

1.3073 

31. 

1 

31 0 

1.5203 

58. 

.2 

27 0 

1.3748 



12 

1.2771 



12 

1.4798 



12 

1,3799 

5. 

1 

5 0 

1.3048 

32. 

2 

1 0 

1.4666 

59. 

2 

28 0 

1.4191 



12 

1.3212 



12 

1.4579 



12 

1.3948 

6. 

1 

6 0 

1.3135 

33, 

2 

2 0 

1.4437 

60. 

2 

29 0 

1.4115 



12 

1.3532 



12 

1.4939 



12 

1.3953 

7. 

1 

7 0 

1.3198 

34. 

2 

3 0 

1.4761 

61 . 

3 

1 0 

1.4444 



12 

1.3100 



12 

1.4333 



12 

1.4154 

8. 

1 

8 0 

1.3118 

35. 

2 

4 0 

1.4167 

62. 

3 

2 0 

1.4749 



12 

1.3383 



12 

1.4464 



12 

1.4522 

9. 

1 

9 0 

1.3317 

36. 

2 

5 0 

1.4932 

63. 

3 

3 0 

1.4599 



12 

1.2659 



12 

1.4853 



12 

1.4371 

10. 

1 

10 0 

1 .2813 

37. 

2 

6 0 

1.5140 

64. 

3 

4 0 

1.4191 



12 

1.3032 



12 

1.5159 



12 

1.4220 

11. 

1 

11 ;o 

1.3153 

38. 

2 

7 0 

1.5208 

65. 

3 

5 0 

1.4836 
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8 

19 0 

1 . 2571 - 



12 

1.3098 



12 

1.0548 



12 

1 .2294 

1274 , 

6 

27 0 

1.3392 

1301 . 

7 

24 0 

1,0028 

1328 . 

8 

20 0 

1 . 2497 - 



12 

1.3544 



12 

0,9919 



12 

1.2157 

1275 . 

6 

28 0 

1.3617 

1302 . 

7 

25 0 

0.9608 

1329 . 

8 

21 0 

1.1884 ‘ 



12 

1.3848 



12 

0,9760 



12 

1.1934 

1276 . 

6 

29 0 

1.3434 

1303 . 

7 

26 0 

0.9794 

1330 . 

8 

22 0 

1 . 1234 - • 



12 

1.3738 



12 

0.9783 



12 

1.0600 

1277 . 

6 

30 0 

1.3653 

1304 . 

7 

27 0 

0.9944 

1331 . 

8 

23 0 

1 . 1168 * 



12 

1.3919 



12 

1.0245 



12 

1.1414 

1278 . 

7 

1 0 

1.3646 

1305 . 

7 

28 0 

1.0198 

1332 . 

8 

24 0 

1.1020 ' 



12 

1.3200 



12 

1.0081 



12 

1.1268 

1279 . 

7 

2 0 


1306 . 

7 

29 0 

0.9930 

1333 . 

8 

25 0 

1 . 11 86 - 



12 




12 

1.0011 



12 

1.1158 

1280 . 

7 

’ 3 0 

1 .2912 

1307 . 

7 

30 0 

1.0445 

1334 , 

6 

26 0 

1.1031 ' 



12 

1 .2699 



12 

0,9995 



12 

1.0656 

1281 . 

7 

4 0 

1.2519 

1308 . 

7 

31 0 

1.0073 

1335 . 

8 

27 0 

1 . 055 ^" 



12 

1 .2619 



12 

1.0503 



12 

1.0623 

1282 . 

7 

5 0 

1 .2130 

1309 . 

8 

1 0 

1.0336 

1336 . 

8 

28 0 




12 

1.2173 



12 

1.0366 



12 


1283 . 

7 

6 0 

1.1946 

1310 . 

8 

2 0 

1.0323 

1337 . 

8 

29 0 

1.0289 



12 

1.1563 



12 

1.0715 



12 

1.0176 . 

1284 . 

7 

7 0 

1.1990 

1311 . 

8 

3 0 

1,0988 

1338 . 

8 

30 0 

1 . 0226 ' 



12 

1.1639 



12 

1.1101 



12 

1.0242 

1285 . 

7 

8 0 

1.1675 

1312 . 

8 

4 0 

1.1389 

1339 . 

8 

31 0 

1 . 0273 ' 



12 

1.1864 



12 

1.1349 



12 

1.0557 


1979 


1340 ;^ 

9 

1 0 

1.0504 

1367 , 

9 

28 0 


1394 . 

10 

25 0 

1.5539 



12 

1.0497 



12 




12 

1.5681 

1341 . 

9 

2 0 

1.0446 

1368 . 

9 

29 0 


1395 . 

10 

26 0 

1.5744 



12 

1,0545 



12 




12 

1.5546 

1342 . 

9 

3 0 

1.0696 

1369 . 

9 

30 0 


1396 . 

10 

27 0 

1,6020 



12 

1.0521 



12 




12 

1.5533 

1343 . 

9 

4 0 

1.0499 

1370 . 

10 

1 0 


1397 . 

10 

28 0 

1.5207 



12 

1.0839 



12 




12 

1,5102 

1344 , 

9 

5 0 

1.0907 

1371 . 

10 

2 0 

1.3808 

1398 . 

10 

29 0 

1.4990 



12 

1.1286 



12 

1.3623 



12 

1,4962 

1345 . 

9 

6 0 

1.1301 

1372 . 

10 

3 0 

1.3761 

1399 . 

10 

30 0 

1,4579 



12 

1.1678 



12 

1.3824 



12 

1.4558 

1346 . 

9 

7 0 

1.1584 

1373 . 

10 

4 0 

1.3917 

1400 . 

10 

31 0 

1.3955 



12 

1.1609 



12 

1.4187 



12 

1.4593 

1347 . 

9 

8 0 

1.1724 

1374 . 

10 

5 0 

1.4480 

1401 . 

11 

1 0 


... 


12 

1,1763 



12 

1.4339 



12 


1348 . 

9 

9 0 

1.2429 

1375 . 

10 

6 0 

1.4316 

1402 . 

11 

2 0 

1.4855 



12 

1.2167 



12 

1.4175 



12 

1.4859 

1349 . 

9 

10 0 

1,2647 

1376 . 

10 

7 0 

1.4327 

1403 . 

11 

3 0 

1.4568 



12 

1.2329 



12 

1.4755 



12 

1.4899 

1350 . 

9 

11 0 

1.2586 

1377 . 

10 

8 0 

1.4127 

1404 . 

11 

4 0 

1.5243 



12 

1.2037 



12 

1.4803 



12 

1.5393 

1351 . 

9 

12 0 

1.2509 

1378 . 

10 

9 0 

1.4644 

1405 . 

11 

5 0 

1.5580 



12 

1.2122 



12 

1.5265 



12 

1.5431 

1352 . 

9 

13 0 

1.2824 

1379 . 

10 

10 0 

1.5730 

1406 . 

11 

6 0 

1.5040 



12 

1.2534 



12 

1.5494 



12 

1.5173 

1353 . 

9 

14 0 

1.2878 

1380 . 

10 

11 0 


1407 . 

11 

7 0 

1.4953 



12 

1.2635 



12 




12 

1.4928 

1354 . 

9 

15 0 

1.2839 

1381 . 

10 

12 0 

1.6042 

1408 . 

11 

8 0 

1.5091 



12 

1,2750 



12 

1.5753 



12 

1.4881 

1355 . 

9 

16 0 

1.2596 

1382 . 

10 

13 0 

1.6270 

1409 . 

11 

9 0 

1.4798 



12 

1 .2692 



12 

1.6193 



12 

1.4625 

1356 . 

9 

17 0 


1383 . 

10 

14 0 

1.6293 

1410 . 

11 

10 0 

1.4424 



12 




12 

1.6054 



12 

1.4761 

1357 . 

9 

18 0 


1384 . 

10 

15 0 

1.6137 

1411 . 

11 

11 0 

1.4901 



12 




12 

1.5790 



12 

1.5108 

1358 . 

9 

19 0 


1385 . 

10 

16 0 

1.6135 

1412 . 

11 

12 0 

1.4528 



12 




12 

1.6509 



12 

1.4559 

1359 . 

9 

20 0 


1386 . 

10 

17 0 

1 .5883 

1413 . 

11 

13 0 

1.4594 



12 




12 

1 .5384 



12 

1.4209 

1360 . 

9 

21 0 

1.3067 

1387 . 

10 

18 0 

1.5351 

1414 . 

11 

14 0 

1.4286 



12 

1.3310 



12 

1 .5565 



12 

1.4270 

1361 . 

9 

22 0 

1.3212 

1388 . 

10 

19 0 

i .5725 

1415 . 

11 

15 0 

1.4778 



12 

1.3328 



12 

1.5705 



12 

1,4548 

1362 . 

9 

23 0 

1.3017 

1389 . 

10 

20 0 

1.5836 

1416 . 

11 

16 0 

1.4839 



12 

1.3107 



12 

1.5994 



12 

1.4551 

1363 . 

9 

24 0 

1.3138 

1390 . 

10 

21 0 

1.6150 

1417 . 

11 

17 0 

1.4786 



12 

1.3246 



12 

1.6071 



12 

1.4624 

1364 . 

9 

25 0 


1391 , 

10 

22 0 

1.5620 

1418 . 

11 

18 0 

1.5265 



12 




12 

1.5692 



12 

1.4888 

1365 . 

9 

26 0 

1.3286 

1392 . 

10 

23 0 

1.5482 

1419 . 

11 

19 0 

1.4881 



12 

1.2826 



12 

1.5815 



12 

1.4839 

1366 . 

9 

27 0 


1393 . 

10 

24 0 

1.5682 

1420 . 

11 

20 0 

1.5375 



12 




12 

1.5422 



12 

1.5564 


1979 


1421. 11 

21 0 

1.4838 


12 

1.5030 

1422. 11 

22 0 

1.5150 


12 

1.5105 

1423. 11 

23 0 

1.5036 


12 

1.4975 

1424. 11 

24 0 

1.4796 


12 

1.4719 

1425. 11 

25 0 

1.4628 


12 

1.4983 

1426. 11 

26 0 

1.5325 


12 

1.5543 

1427. 11 

27 0 

1 .5863 


12 

1.6074 

1428. 11 

28 0 

1 ,6167 


12 

1.6237 

1429. 11 

29 0 

1.6424 


12 

1 .6166 

1430. 11 

30 0 

1.6478 


12 

1.6556 

1431. 12 

1 0 

1.6298 


12 

1.6321 

1432. 12 

2 0 



12 


1433. 12 

3 0 

1.6624 


12 

1.6245 

1434. 12 

4 0 

1,5381 


12 

1 .6277 


1435. 

12 

5 0 

1 .6185 



12 

1.5846 

1436. 

12 

6 0 

1.5785 



12 

1.5592 

1437. 

12 

7 0 

1.5412 



12 

1,5685 

1438. 

12 

8 0 

1 .5752 



12 

1.6266 

1439. 

12 

9 0 

1,6504 



12 

1.6635 

1440. 

12 

10 0 

1.6259 



12 

1 ,6599 

1441 , 

12 

11 0 

1,6756 



12 

1.7017 

1442. 

12 

12 0 

1.6670 



12 

1.6771 

1443. 

12 

13 0 

1.6873 



12 

1,6746 

1444. 

12 

14 0 

1.6808 



12 

1.6910 

1445. 

12 

15 0 

1.7292 



12 

1.6756 

1446, 

12 

16 0 

1,6766 



12 

1.6809 

1447. 

12 

17 0 

1,7136 



12 

1.7144 

1448. 

12 

18 0 

1.7391 



12 

1.6979 


U 49. 12 19 0 
12 

1450. 12 20 0 

12 

1451. 12 21 0 

12 

1452. 12 22 0 

12 

1453. 12 23 0 

12 

1454. 12 24 0- 

12 

1455. 12 25 0 

12 

1456. 12 26 0 

12 

1457. 12 27 0 

12 

1458. 12 28 0 

12 

1459. 12 29 0 

12 

1460. 12 30 0 

12 

1461. 12 31 0 

12 


1.6804 
1.6750 
1.6510... 
1.6169 ' 


1.549,8 
1.5142 ' 
1,5146 
1.5058 ' 
1.5330. 
1.5178' ' 
1.5324 , 
1.4776 
1.5196 
1.4990 
1.487 3 - 
1 .5302' 
1.5592, 
1.5638 
1,5720 . 
1.5676 ' 
1.5992. . 
1 ,598‘4'- 
1 .6304^ 
1,6643 



c'i : 





I 960 


1462 . 

1 

1 0 

1.6557 

1489 . 

1 

28 0 

1 .6065 

1516 . 

2 

24 0 

1.6690 



12 

1.6360 



12 

1.6091 



12 

1.6721 

1463 . 

1 

2 0 

1 .6169 

1490 . 

1 

29 0 

1 .6269 

1517 . 

2 

25 0 

1,6378 



12 

1.5899 



12 

1.5883 



12 

1.6550 

1464 . 

1 

3 0 

1.6391 

1491 . 

1 

30 0 

1 .6263 

1518 . 

2 

26 0 

1.6458 



12 

1.6723 



12 

1.6123 



12 

1 .6516 

1465 . 

1 

4 0 

1.6599 

1492 . 

1 

31 0 

1.5747 

1519 . 

2 

27 0 

1.6591 



12 

1 .6630 



12 

1,5982 



12 

1.7199 

1466 . 

1 

5 0 

1.6711 

1493 . 

2 

1 0 

1.5619 

1520 . 

2 

28 0 

1.6577 



12 

1.6525 



12 

1.5681 



12 

1.6385 

1467 . 

1 

6 0 

1.6426 

1494 . 

2 

2 0 

1.5593 

1521 . 

2 

29 0 

1.5824 



12 

1 ,5910 



12 

1.5220 



12 

1.5621 

1468 . 

1 

7 0 

1.6296 

1495 . 

2 

3 0 

1.5098 

1522 . 

3 

1 0 




12 

1.6478 



12 

1.5042 



12 


1469 . 

1 

8 0 

1.6875 

1496 . 

2 

a 0 

1.4964 

1523 . 

3 

2 0 




12 

1.7062 



12 

1.4821 



12 


1470 . 

1 

9 0 

1.7226 

1497 . 

2 

5 0 

1.4739 

1524 . 

3 

3 0 

1.4695 



12 

1.7198 



12 

1.4404 



12 

1.5129 

1471 . 

1 

10 0 

1.7334 

1498 . 

2 

6 0 

1.4444 

1525 . 

3 

4 0 

1.5127 



12 

1..7549 



12 

1.4644 



12 

1.5151 

1472 . 

1 

11 0 

1.7613 

1499 . 

2 

7 0 

1.4630 

1526 . 

3 

5 0 

1.4716 



12 

1.7219 



12 

1.4650 



12 

1.4814 

1473 . 

1 

12 0 

1 .7210 

1500 . 

2 

8 0 

1.4145 

1527 . 

3 

6 0 

1,4119 



12 

1.7226 



12 

1.4381 



12 

1.3902 

1474 . 

1 

13 0 

1.6926 

1501 . 

2 

9 0 

1.4304 

1528 . 

3 

7 0 




12 

1 .6915 



12 

1.4570 



12 


1475 . 

1 

14 0 

1.6809 

1502 . 

2 

10 0 

1.4501 

1529 . 

3 

8 0 

1.4189 



12 

1 .6887 



12 

1.4711 



12 

1.3955 

1476 . 

1 

15 0 

1.6476 

1503 . 

2 

11 0 

1,4549 

1530 . 

3 

9 0 

1.4208 



12 

1.6744 



12 

1.4261 



12 

1 .4146 

1477 . 

1 

16 0 

1.6712 

1504 . 

2 

12 0 


1531 . 

3 

10 0 

1 .4086 



12 

1.6623 



12 




12 

1.4200 

1478 . 

1 

17 0 

1.6567 

1505 . 

2 

13 0 

1.4070 

1532 . 

3 

11 0 

1.3769 



12 

1 .6638 



12 

1.4561 



12 

1.4272 

1479 . 

1 

18 0 

1.6801 

1506 . 

2 

14 0 

1.4466 

1533 . 

3 

12 0 

1.4687 



12 

1 .6808 



12 

1.5329 



12 

1.4476 

1480 . 

1 

19 0 

1 .7149 

1507 . 

2 

15 0 

1.5152 

1534 . 

3 

13 0 

1.4493 



12 

1 .6824 



12 

1.5314 



12 

1.4666 

1481 . 

1 

20 0 

1.6335 

1508 . 

2 

16 0 

1.5656 

1535 . 

3 

14 0 

1.4648 



12 

1.6917 



12 

1.5535 



12 

1.4787 

1482 . 

1 

21 0 

1.6463 

1509 . 

2 

17 0 

1.6047 

1536 . 

3 

15 0 

1.4863 



12 

1.6634 



12 

1.6007 



12 

1.5102 

1463 . 

1 

22 0 

1.6764 

1510 . 

2 

18 0 

1 .6320 

1537 . 

3 

16 0 

1.4720 



12 

1.7196 



12 

1.6161 



12 

1.4871 

1484 . 

1 

23 0 

1.7071 

1511 . 

2 

19 0 

1.6108 

1538 . 

3 

17 0 

1.4654 



12 

1.6147 



12 

1.6446 



12 

1.4955 

1485 . 

1 

24 0 

1.6524 

1512 . 

2 

20 0 

1.6365 

1539 . 

3 

18 0 

1.4967 



12 

1.6423 



12 

1.6391 



12 

1.5353 

1486 . 

1 

25 0 

1.6410 

1513 . 

2 

21 0 

1.6257 

1540 . 

3 

19 0 

1.4759 



12 

1.6407 



12 

1.6466 



12 

1.4942 

1487 . 

1 

26 0 

1.6136 

1514 , 

2 

22 0 

1.6192 

1541 . 

3 

20 0 




12 

1.6440 



12 

1.6418 



12 


1488 . 

1 

27 0 

1.6012 

1515 . 

2 

23 0 

1.6575 

1542 . 

3 

21 0 

1 .5182 



12 

1.5940 



12 

1.6739 



12 

1.5155 



1980 


1543 . 

3 

22 0 

1.5305 

1570 . 

4 

18 0 

1.6071 

1597 . 

5 

15 0 

1,4809 



12 

1.5628 



12 

1.5600 



12 

1.5054 

1544 . 

3 

23 0 

1.5360 

1571 , 

4 

19 0 

1 .5466 

1598 . 

5 

16 0 

1.5356 



12 

1 .5271 



12 

1.5299 



12 

1.5259 

1545 . 

3 

24 0 

1.6102 

1572 . 

4 

20 0 

1.5582 

1599 . 

5 

17 0 

1.4963 



12 

1.5815 



12 

1.5551 



12 

1.4987 

1546 . 

3 

25 0 

1.5916 

1573 . 

4 

21 0 

1.5723 

1600 . 

5 

18 0 

1,5210 



12 

1 .6196 



12 

1.5943 



12 

1.5057 

1547 . 

3 

26 0 

1,6276 

1574 . 

4 

22 0 

1.5959 

1601 . 

5 

19 0 

1.5160 



12 

1.6812 



12 

1.5802 



12 

1.5092 

1548 . 

3 

27 0 

1 .6460 

1575 . 

4 

23 0 

1.6012 

1602 . 

5 

20 0 

1,5433 



12 

1.6736 



12 

1.5864 



12 

1.5261 

1549 . 

3 

28 0 

1.6775 

1576 . 

4 

24 0 

1 .5569 

1603 . 

5 

21 0 




12 

1.6633 



12 

1 .5779 



12 


1550 . 

3 

29 0 

1.6322 

1577 , 

4 

25 0 

1 .5773 

1604 . 

5 

22 0 

1.4838 



12 

1.6556 



12 

1 .5189 



12 

1.4860 

1551 . 

3 

30 0 


1578 . 

4 

26 0 

1.5188 

1605 . 

5 

23 0 

1 .4943 



12 




12 

1.5100 



12 

1.4950 

1552 . 

3 

31 0 

1.6172 

1579 . 

4 

27 0 

1.5271 

1606 . 

5 

24 0 

1.5151 



12 

1.6263 



12 

1.4938 



12 

1.4931 

1553 . 

a 

1 0 


1580 . 

4 

28 0 

1.5278 

1607 . 

5 

25 0 

1.5225 



12 




12 

1.5272 



12 

1.5431 

1554 . 

4 

2 0 

1,6714 

1581 . 

4 

29 0 

1.5781 

1608 . 

5 

26 0 

1.4899 



12 

1.6524 



12 

1.6046 



12 

1.4748 

1555 . 

4 

3 0 

1.6488 

1582 . 

4 

30 0 

1.6163 

1609 . 

5 

27 0 

1.4699 



12 

1.5973 



12 

1,5979 



12 

1,4609 

1556 . 

4 

4 0 

1.6192 

1583 . 

5 

1 0 

1.5975 

1610 . 

5 

28 0 

1.3894 



12 

1.5866 



12 

1 .6318 



12 

1.3855 

1557 . 

4 

5 0 

1.5938 

1584 . 

5 

2 0 


1611 . 

5 

29 0 

1.3819 



12 

1.6108 



12 




12 

1.3630 

1558 . 

4 

6 0 

1.6120 

1585 . 

5 

3 0 

1.5775 

1612 . 

• 5 

30 0 

1.3571 



12 

1.6231 



12 

1.5365 



12 

1.3348 

1559 . 

4 

7 0 

1,6306 

1586 , 

5 

4 0 

1 .5994 

1613 . 

5 

31 0 

1.3029 



12 

1.5989 



12 

1 .5249 



12 

1.3062 

1560 . 

4 

8 0 

1.5754 

1587 . 

5 

5 0 

1 .6123 

1614 . 

6 

1 0 

1.2792 



12 

1.5545 



12 

1,5750 



12 

1.2742 

1561 , 

4 

9 0 

1.5856 

1588 . 

5 

6 0 

1.5647 

1615 . 

6 

2 0 

1.2825 



12 

1.5718 



12 

1.5771 



12 

1.2598 

1562 . 

4 

10 0 

1,5844 

1589 , 

5 

7 0 


1616 . 

6 

3 0 




12 

1.5870 



12 




12 


1563 . 

4 

11 0 

1,5532 

1590 . 

5 

8 0 

1.6112 

1617 . 

6 

4 0 

1.3258 



12 

1.5329 



12 

1.5537 



12 

1.3026 

1564 . 

4 

12 0 

1,4758 

1591 . 

5 

9 0 

1.6077 

1618 . 

6 

5 0 




12 

1.5153 



12 

1.6061 



12 


1565 . 

4 

13 0 

1.5227 

1592 . 

5 

10 0 

1.6014 

1619 . 

6 

6 0 

1.3230 



12 

1.5415 



12 

1.5887 



12 

1.2994 

1566 . 

4 

14 0 

1.5136 

1593 . 

5 

11 0 

1.6064 

1620 . 

6 

7 0 

1.3001 



12 

1.5528 



12 

1.5843 



12 

1.3051 

1567 . 

4 

15 0 

1.5380 

1594 . 

5 

12 0 

1.5912 

1621 . 

6 

8 0 

1 ,3075 



12 

1.5592 



12 

1.5470 



12 

1.3037 

1568 . 

4 

16 0 

1.5818 

1595 . 

5 

13 0 

1.5059 

1622 . 

6 

9 0 

1.2726 



12 

1.5893 



12 

1.4839 



12 

1 .2892 

1569 , 

4 

17 0 

1,5852 

1596 . 

5 

14 0 

1.4918 

1623 . 

6 

10 0 

1 .2833 



12 

1.5693 



12 

1.4875 



12 

1.2549 
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1.2542 
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7 
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1.1673 

1678 . 
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4 0 

1.0232 



12 

1.3101 



12 

1.1721 



12 

1.0336 

1625 , 

6 

12 0 

1.3357 

1652 . 

7 

9 0 

1 .1484 

1679 . 

6 

5 0 




12 

1.3217 



12 

1.1361 



12 


1626 . 

6 

13 0 

1.2852 

1653 . 

7 

10 0 

1.1773 

1680 . 

8 

6 0 

0.9835 



12 

1.3092 



12 

1.1936 



12 

0,9737 

1627 . 

6 

14 0 

1.3120 

1654 . 

7 

11 0 

1.1435 

1681 . 

8 

7 0 




12 

1 .2844 



12 

1.1128 



12 


1628 . 

6 

15 0 

1.2918 

1655 , 

7 

12 0 


1682 . 

8 

8 0 




12 

1,2482 



12 




12 


1629 . 

6 

16 0 

1.2030 

1656 . 

7 

13 0 

1.0589 

1683 . 

8 

9 0 

0,9509 



12 

1.2420 



12 

1.0067 



12 

0.9589 

1630 , 

6 

17 0 

1.2180 

1657 . 

7 

14 0 

0.9900 

1684 . 

8 

10 0 




12 

1.2355 



12 

1.0199 



12 


1631 . 

b 
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7 
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1.0172 
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8 
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12 
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12 
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1632 . 

6 
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1,2070 

1659 . 
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1.0593 
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1,0765 



12 
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12 

1.0735 



12 

1.0501 

1633 . 

6 
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1660 . 

7 

17 0 


1687 . 

8 

13 0 




12 

1.2504 



12 




12 


1639 . 

6 

21 0 

1.2547 

1661 . 

7 

18 0 

1.0472 

1688 . 

8 

14 0 




12 

1.2220 



12 

1.0660 



12 


1635 . 

6 

22 0 

1 .2654 

1662 . 

7 

19 0 

1.0605 

1689 . 

8 

15 0 

1.0096 



12 

1,2485 



12 

1.0662 



12 

1.0341 

1636 . 

6 

23 0 

1.2466 

1663 . 

7 

20 0 

1.0522 

1690 . 

8 
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1.0258 



12 

1.2592 



12 

1.0416 



12 

1.0326 

1637 . 

6 

24 0 

1.2515 

1664 . 

7 

21 0 

1.0750 

1691 . 

8 

17 0 

1.0431 



12 

1 .2639 



12 

1.1071 



12 

1.0900 

1638 . 

6 

25 0 

1.2317 

1665 . 

7 

22 0 

1.1073 

1692 . 

8 

18 0 

1.0961 



12 

1.2117 



12 

1.1107 



12 

1.0670 

1639 . 

6 

26 0 

1.2156 

1666 . 

7 

23 0 

1.1238 

1693 . 

8 

19 0 

1.0597 



12 

1 .2487 



12 

1.1193 



12 

1.0379 

1640 . 

6 

27 0 

1.2150 

1667 . 

7 

24 0 

1.1560 

1694 . 

8 

20 0 

1.0636 



12 

1.1917 



12 

1.1570 



12 

1.0691 

1641 . 

6 

28 0 


1668 . 

7 

25 0 


1695 . 

8 

21 0 

1.0930 



12 




12 




12 

1.1115 

1642 . 

6 
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1,1449 
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12 

1.0710 



12 

1.1869 



12 

1.1300 

1644 . 

7 

1 0 

1.1036 

1671 . 

7 

28 0 

1.1734 

1698 . 

8 

24 0 

1,1492 



12 

1.0881 



12 

1.1407 



12 

1.1364 

1645 . 

7 

2 0 

1.0887 
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7 

29 0 

1,0944 

1699 . 

8 

25 0 

1.1079 



12 

1,0877 



12 

1.0900 



12 

1.0902 

1646 . 

7 

3 0 

1.0762 

1673 . 

7 

30 0 

1.0453 

1700 . 

8 

26 0 

1.0657 



12 

1.0886 



12 

1.0424 



12 

1.1071 

1647 , 

7 

4 0 

1.0993 

1674 . 

7 

31 0 

1.0494 

1701 . 

8 

27 0 

1.1132 



12 

1.0882 



12 

1.0664 



12 

1.1263 

1648 . 

7 

5 0 

1.1076 
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1 0 

1.0510 

1702 . 

8 

28 0 

1.1404 
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1.1317 



12 

1.0607 



12 

1.1506 

1649 . 

7 

6 0 

1.1263 

1676 . 
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1.0837 

1703 . 

8 

29 0 

1.1287 
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1,1990 



12 

1.0680 



12 

1.1872 

1650 . 

7 

7 0 

1.1696 

1677 , 
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3 0 
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1.1710 
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1.1850 



12 
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12 
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31 0 

1,1848 

1732 . 

9 

27 0 


1759 . 10 

24 0 

1.4668 
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12 

1.4811 

1706 . 

9 

1 0 

1.1595 
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9 

28 0 

1.4132 
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1.4827 
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12 

1.4022 


12 

1.4745 

1707 . 

9 

2 0 


1734 . 

9 

29 0 

1.3812 

1761 . 10 

26 0 

1.5140 



12 




12 

1.3513 


12 

1.4926 

1708 . 

9 

3 0 

1.1347 

1735 . 

9 

30 0 

1.3405 
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1740 , 

10 

5 0 

1.2478 
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10 0 


1742 . 

10 

7 0 

1.2570 

1769 . 11 

3 0 

1.5813 



12 




12 

1.287 0 


12 

1.5970 

1716 , 

9 

11 0 

1.2489 
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10 

10 0 

1.3518 

1772 . 11 

6 0 
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12 

1.2843 



12 

1.3410 


12 

1,6333 

1719 . 

9 

14 0 

1.2737 

1746 . 

10 

11 0 

1.3579 

1773 . 11 

7 0 

1.6036 



12 

1 .2884 



12 

1.4012 


12 

1.5891 

1720 . 

9 

15 0 

1 .2449 

1747 , 

10 

12 0 
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12 
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9 
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12 
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10 
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12 
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12 
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1731 . 

9 
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10 
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11 
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12 
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12 
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12 
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11 
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12 
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12 
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12 
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12 
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11 
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12 

8 0 

1.7929 

1818 . 12 

22 0 

1 .6748 


12 
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12 
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11 
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1.5528 
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12 
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1,7958 
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1.6820 


12 

1.5889 



12 

1.7691 


12 

1.6830 

11 

26 0 

1.5653 

1806 . 

12 

10 0 


1820 . 12 

29 0 

1.6785 


12 

1.5628 


■ 

12 



12 

1.6855 

11 

27 0 

1.5967 

1807 , 

12 

11 0 

1.6995 

1821 . 12 

25 0 

1.6532 


12 

1.5335 



12 

1,6969 


12 

1.6462 

11 

28 0 

1.5926 

1808 . 

12 

12 0 

1,7018 

1822 . 12 

26 0 

1.6680 


12 

1.5961 



12 

1.7078 


12 

1.6813 

11 

29 0 

1,5958 

1809 . 

12 

13 0 

1,7003 
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27 0 
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12 

1.5768 



12 
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12 
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11 

30 0 
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1810 . 

12 

19 0 
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12 
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12 
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12 
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12 
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1811 . 

12 
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29 0 
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12 
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12 
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12 
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12 
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1812 . 

12 

16 0 

1.6031 
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30 0 



12 
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12 
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12 


12 

3 0 
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12 

17 0 
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12 
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12 
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